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THE PHYSICAL THEORY OF SOLUTION. 
Solutions. By W. Ostwald. Translated by M. M. 
Pattison Muir. Pp. 316. (London : Longmans, Green, 
and Co., 1891). 

ITH certain additions this work is a translation of 
Book IV. of the second edition of Ostwald’s 
“Lehrbuch der allgemeinen Chemie.” At the present 
time there is no department of physical chemistry which 
is receiving more attention, and which is the subject of 
more controversy, than that of solutions. On the Con¬ 
tinent, the physical theory of solution, arising out of the 
ideas of van ! t: Hoff and Arrhenius, has obtained, for the 
most part, ready acceptance. Although the earlier of 
these conceptions is but some six years old, their ap¬ 
plications and the facts accumulated around them have 
already become so numerous that to piece fact and theory 
together, and keep the main issues of the case to the fore, 
is a necessity. To carry out these ends no one is better 
fitted than the Professor of Chemistry in the Llniversity 
of Leipzig. Prof. Ostwald is one of the warmest sup¬ 
porters of the physical theory, and has done more, 
perhaps, than any other, to make it what it now is. 

As contrasted with its reception on the Continent, the 
new theory has had but little favour shown to it in this 
country. Men of science on this side of the Channel 
have, as a rule, been unwilling to grant the more startling 
consequences which follow in its wake, and have offered 
more or less decided opposition to its progress. Of late, 
too, the claims of a special development of the rival 
hydrate or chemical theory have been brought prominently 
under their notice. There is therefore a certain fitness in 
the publication of a “ full and authoritative statement ” in 
English of the merits of the physical theory. 

The book opens with a definition of solutions. In the 
light of the physical theory these are “homogeneous 
mixtures which cannot be separated into their constituent 
parts by mechanical means.” Granting this definition, it 
forms a basis for classifying the different kinds of solu¬ 
tions, and these, together with the conditions under which 
they are formed, and under which they exist, are discussed 
in the first four chapters. 

Chapter i., solutions in gases, begins with an account 
of Dalton’s law of partial pressures, and the deviations 
from the law brought to light by the work of Regnault, 
Andrews, and others. The somewhat novel result that 
this gaseous law should be found under the heading 
solutions, follows, of course, from the fact that a gaseous 
mixture satisfies the definition quoted. The rest of the 
chapter is taken up with the evaporation of liquids and 
solids, as these processes may be regarded as instances of 
the solution of liquids and of solids in gases. 

Solutions in liquids are considered in the next three 
chapters. Chapter ii. is devoted to solutions of gases 
in liquids. Henry’s law, its verification by Bunsen, the 
methods of determining absorption coefficients, and the 
exceptions to Henry’s law shown by aqueous solutions of 
ammonia, hydrogen chloride, &c., are given first. Then 
follow sections on the theory of gas-absorption, on ab¬ 
sorption by saline solutions and by mixed liquids, and on 
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the volume changes of liquids accompanying absorption. 
Chapter iii. deals with mixed liquids, classified according 
as they are miscible in all proportions, partially miscible, 
or practically immiscible. Alexejeff’s interesting curves 
representing the mutual solubility of different pairs of 
liquids at different temperatures here find a place. The 
observations of Konowaloff on the vapour pressures of 
mixed liquids are described at some length, and are worthy 
of attention, in particular those relating to liquids miscible 
in all proportions, as they are of especial value in the 
process of fractional distillation. 

Chapter viii. of Book V. of the “ Lehrbuch,” solutions 
of solids in liquids, is now introduced. That it is not 
quite continuous with its predecessors is apparent by the 
abrupt mention of osmotic pressure, and the use of van’t 
Hoff's factor zj reference being made by the translator to 
succeeding chapters for explanations. Free application 
of the gaseous laws to solutions is made in this chapter, 
which treats of supersaturation, the influence of ex¬ 
ternal pressure and of temperature on solubility, the 
volume relations of solutions, the influence of melting on 
solubility, the solubilities of mixtures, the effect of acids 
on the solubilities of their salts, solutions in mixed 
liquids, &c. The emphasis laid on the fact that in a 
saturated solution in contact with undissolved substance, 
the latter plays an important part in the conditions 
of equilibrium, is noteworthy. 

Under osmose, is next given an account of osmotic 
pressure, and of the work of Traube, Pfeffer, de Vries,, 
and others, with the theoretical deductions of van’t Hoff 
which were founded on such researches, and which re¬ 
sulted in quantitative support to the idea of the analogy 
between solutions and gases. This chapter might with 
profit have been given at an earlier stage, at least before 
the previous one, on the solution of solids in liquids. 

The chapter following, on the diffusion of dissolved 
substances, contains a valuable abstract of the main in¬ 
vestigations on this subject, from the time of Graham 
down to the present, when Fick’s fundamental law of 
diffusion follows, as shown by Nernst, from consideration 
of the effect of osmotic pressure. 

Chapters vii. and viii. treat respectively of the vapour 
pressures and freezing-points of solutions. A full and 
historical account, with the practical applications to 
molecular weight estimations, is given in each case. Salt 
solutions are next discussed, the leading idea of the 
chapter being to prove that the properties of electrolytes 
are additive, or can be expressed as the sum of the 
properties of their constituent ions. Both chemical and 
physical properties are quoted in support of the existence 
of free ions in salt solutions. The last chapter is devoted 
to the simultaneous action of different solvents. The use 
of some of the results as new methods of determining 
molecular weights is also indicated. 

On the whole, the book is a very suggestive one. The 
historical method adopted in each chapter adds much to 
the interest. The arrangement of the facts concerning 
solutions, and the copious references to original memoirs, 
are alone sufficient to make the book valuable ; and to 
many, those chapters, such as that on diffusion, which deal 
mainly with fact, will be the most useful. Even although, 
in the investigation of solution, the use of the gaseous 
law's be nothing more than the carrying out of a mere 
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analogy, nevertheless theoretical speculations and practical 
researches are indicated, which, in the long run, must 
throw more light on the question. 

But, in spite of all this, the book is not satisfying. The 
main objections which have been urged against the 
physical theory still exist. 

To the fundamental question—” Is solution a physical 
or a chemical process ? ”—the answers are various. The 
opening definition and much that follows seem quite 
decisive on this point : “ Solutions are homogeneous 
mixtures 

Dissolved substances obey gaseous laws because 

“ the molecules of the solvent in the interior of the solu¬ 
tion act equally in all directions on each molecule of the 
dissolved substance, these molecules are all free to move 
as if there were, on the whole, no action upon them. 
Hence it follows that the kinetic energy of the molecules 
of the dissolved substance is equal to that of the gas at 
the same temperature.” 

The deviations of concentrated solutions from the 
simple gaseous laws are explained by the fact that in 
such cases the osmotic pressure is high, and that “ com¬ 
pound gases of simple composition show marked devia¬ 
tions from the gaseous laws at such pressures.” 

The inference from such statements obviously is, that 
solution is purely physical ; to the dissolved substance are 
to be ascribed even the deviations from the gaseous laws ; 
the solvent may be ignored. This is, indeed, the logical 
outcome of the physical theory. 

On the other hand, evidence such as the following has 
to be considered :— 

“ Every liquid is capable of taking up every gas, and 
combining therewith to form a homogeneous liquid or 
solution. ... Two classes of these gas-solutions are to 
be distinguished. . . . In.cases belonging to the second 
class, e.g. in a solution of hydrogen chloride in water, 
we have sufficient grounds to assert that chemical change 
occurs.” 

The distinction drawn between crystalloids and colloids 
js of the same order as the above : — 

“ Those of the first group (crystalloids) dissolve in 
water with more or less marked changes of temperature ; 
they raise the boiling-points, lower the freezing-points, 
and generally exert a marked influence on the properties, 
of their solutions,. The others (colloids) do not exhibit 
all these properties: their solutions are mechanical 
mixtures rather than compounds 

Experiment has shown that the molecular weight of 
the same dissolved substance, obtained by the Raoult 
methods, varies in many cases with the solvent. In order 
to make theory harmonize with practice, this explanation 
is given :— 

” We know that iodine, sulphur, and many other sub¬ 
stances exist in different molecular conditions. It is not, 
then, to be wondered at that a definite substance should 
exhibit different molecular conditions when dissolved in 
different solvents. The different solvents act like different 
temperatures or pressures.” 

The notion of a passive solvent evidently does not here 
apply. Even on making allowance for a loose use of the 
terms mixture and compound, it is hard to see how these 
latter statements accord with the ideas of the functions of 
the solvent and dissolved substance derived from those 
quoted previously. 
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That the book is a portion of a larger treatise is evident, 
to its detriment, in several ways. One instance, which 
can hardly escape observation, is the absence of any de¬ 
tailed account of the support to the physical theory which 
has been drawn from the electrolysis of solutions. At 
first sight, it is difficult to conceive that, in a work on the 
physical theory, of which the hypothesis of electrolytic 
dissociation is an integral part, no mention should be 
made of the quantitative estimate of the degree of dis¬ 
sociation which has been derived from a study of electric 
conductivity. The reason is, that electro-chemistry is 
treated in Vol. II. of the “ Lehrbuch,” and a second edition 
of this volume is not yet published. It would have been 
judicious to have delayed publication of this book till 
portions of the subject of electro-chemistry could have 
been included. 

It would have been desirable, it seems to us, to have 
made some adequate reference to other theories which 
have been put forward in explanation of the phenomena of 
solution. The only statement which can be construed 
jnto an allusion to the hydrate theory occurs when treat¬ 
ing of the point as to whether or not a salt in aqueous 
solution is united with its water of crystallization. And 
here the question is somewhat contemptuously disposed 
of:— 

“ The endeavours of many investigators to find proofs in 
favour of the existence in solutions of combined water of 
crystallization have not led to results which can be 
received without objection.; these endeavours may there¬ 
fore be passed over." 

Fault might well be found on the score of incomplete¬ 
ness with much of the evidence put forward in portions 
of the book. The chapter on salt solutions is one 
of the most striking; it is, indeed, the only one which 
has for its theme the dissociation hypothesis ; and bear¬ 
ing in mind the contention which this hypothesis has 
created, here if anywhere the matter put forward should 
have been beyond criticism. Tables are given of com¬ 
pressibilities, surface-tensions, viscosities, &c. ; while, to 
begin with, these properties are not defined, and several 
necessary details are omitted. Viscosity may be taken 
as a special and perhaps the worst example. Two tables 
are given with numerical values for viscosities. Whether 
these are absolute coefficients in dynes or relative times 
of transpiration is n6t stated. They are in reality relative 
values, the transpiration time of water under the experi¬ 
mental conditions being taken as unity. The numbers 
in the first table are said to have been “ determined with 
half normal solutions, and referred to equivalent quantities 
of salt.” The meaning of this rather redundant sentence 
is not quite clear. As a matter of fact, the observa¬ 
tions were taken with half normal solutions, and referred 
to normal solutions by means of Arrhenius’s formula con¬ 
necting viscosity with concentration. Nothing whatever 
is said about the strength of the solutions used for the 
observations in the second table. They also relate to 
normal solutions, and were obtained by a similar but not 
identical method. The most important omission, however, 
and one occurring in the case of other properties, is that 
of the temperature of observation. When it is remem¬ 
bered that at ioo° the viscosity coefficient 6f water is only 
one-fifth what it is at o°, the influence of temperature on 
viscosity is apparent. The difficulty in attempting to 
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compare viscosities has always been the choice of suitable 
temperatures of comparison—temperatures at which the 
substances are in comparable conditions. Reference to 
the original papers shows that the temperature of observa¬ 
tion in the examples given was uniformly 25 0 . Whether 
under such conditions the viscosities obtained are com¬ 
parable is open to question, and this point should have 
been discussed before any stress was put upon the figures. 
Such details as these ought surely to have been noted as 
necessary accompaniments of the experimental results. 

In other directions the same tendency to omit essential 
particulars is traceable. In describing the series of 
operations whereby van’t Hoff was enabled to apply 
thermodynamics to solutions, it is not shown that the 
cycle, as conceived by him, is a reversible one. The 
whole practical utility of the process depends on its 
reversibility, for then only does the second law of thermo¬ 
dynamics apply. In connection with this point it is not 
obvious why the translator should prefer the term “re¬ 
versible cyclical process ” to the time-honoured and 
compact “ r-eversible cycle.” The use, too, of the shortened 
“cyclical process ” as the equivalent of “ reversible cycle ” 
is inaccurate. 

No doubt the incompleteness mentioned is due to the 
effort made by the author to make the most of his space. 
In some cases, however, space might be gained. For 
example, it is surely excessive to give two pages to Voit’s 
method of obtaining diffusion constants, if it led to results 
which were “quite erroneous” ; or to devote three pages 
to Planck’s deduction of the vapour pressure of dilute 
solutions, if the fundamental thermodynamical equations 
are assumed. 

Several points which require alteration may be sum¬ 
marized here. On p. 7, van der Waals’s equation is given 
wrongly, a bracket being omitted, b in the equation is 
four times the volume of the molecules, not the volume 
of the molecules, as stated on pp. 7 and 34. No definite 
mention is made of what the ordinates and abscissas are 
in the diagrams on pp. 66 and 67. On p. 70 “ differen¬ 
tiating for T” would usually be “differentiating with respect 
to T.” “ Narrower ” should be “ wider ” on p. 97, line 15. 

The expression “ 200 grams capacity” is used on p. 11S. 
On p. 136, “square root” should be “square.” On pp. 
186 and 187, l^fy is written for fjj*. On p. 237, 1 (b 

£ _ g 

should be 1 hi. On p. 238, — J is given instead of 

1 -<r 

6 -Be 
1 -c 

Mr. Pattison Muir has evidently attempted to give the 
sense of the original, without confining himself to a 
literal translation. He has succeeded in making a read¬ 
able book, although in one or two instances, as in the 
account of magnetic rotation, the meaning is slightly 
obscure. 

A careful study of this the latest addition to the litera¬ 
ture on solution will, we think, confirm what to many has 
been all along apparent—that solution is in the highest 
degree a complex process, and that the physical theory 
errs in treating it as being altogether too simple. Despite 
the success of this theory, which by establishing a striking 
analogy has admittedly done much in giving a fresh im¬ 
petus to investigation, the mechanism of the process is 
still hidden. The attitude assumed by the upholders of 
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the physical theory, whereby the presence of the solvent 
is practically ignored, and analogy regarded as identity, 
must, of necessity, lead to misconception. 

Much more work must be done, and, whatever happens? 
more attention paid to the function of the solvent, before 
any adequate theory of solution is possible. 

j. W. R. 


COLOUR BLINDNESS. 

Colour Blindness and Colour Perception. By F. W. 

Edridge Green, M.D., F.G.S. (London : Kegan Paul, 

Trench, Triibner, and Co., 1891.) 

N a work with this tide one naturally expects to find 
that such recognized authorities on the theory of 
colour perception as Young and Helmholtz are treated 
with the respect due to their labours and researches. 
The writer, however, not only refuses to pay homage at 
the shrine of such masters of natural philosophy, but 
deliberately devotes a considerable portion of his work to 
an exposure of the “fallacy of the Young-Helmholtz 
theory.” The preface informs us that the book has been 
written for the benefit of those who may have to test for 
colour blindness. To such it will hardly be a recom¬ 
mendation to learn that the theories of Young and Helm¬ 
holtz are mere fallacies, and that the tests for colour 
blindness as instituted by Prof. Holmgren are not worthy 
of the name. The question, of course, arises, What 
theory are we to adopt relative to colour perception when 
we have surrendered our allegiance to the theories which 
Mr. Green denounces ? The author answers this query 
for us by propounding his own doctrine—“an application 
of the theory of psycho-physical perception, described in 
my book on ‘ Memory,’ to the phenomena of colour blind¬ 
ness and colour perception.” The arguments in support 
of this theory are based upon the examination of some 
116 colour-blind persons, not an over-large number of 
cases to generalize from, especially when we learn some¬ 
thing of the method pursued in the examination. In¬ 
formation afforded by the colour-blind themselves is one 
of the chief sources of Mr. Green’s knowledge respecting 
colour blindness. He states that he has derived much 
valuable information from colour-blind persons relating 
to facts concerning their colour perception. We question 
much the trustworthiness of data acquired by interview¬ 
ing colour-blinds as to the phases of their visual infirmity. 
Yet Mr. Green characterizes this information as trust¬ 
worthy, and alludes to it as “ definite facts of colour¬ 
blindness, to which any future theory must conform.” 
Many' writers on colour blindness have stated that 
naming colours is a useless and misleading method of 
examination, because the colour-blind must use the con¬ 
ventional colour names and use them at random. But 
this reasoning, we are told, is a fallacy, because the 
colour-blind do not name colours at random, but in 
accordance with their ideas of colour! Such is the 
language in which the author disposes of the “ fallacy ” 
of Holmgren’s wool test. Equally illogical is another of 
his conclusions : “ If, as some persons have said, testing 
by colour names is useless, then the whole series of 
colour names is useless.” 

Prof. Holmgren, it is admitted, has done good 
service in bringing the subject of colour blindness 
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